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Abstract - In t h i s  paper we present t h e  i n i t i a l  
resu l r s  of work on a new c l a s s  o f  se~ iconduc tor  metal- 
ixat ions which appear to hold g r e a t  promise a s  primary 
metal l izat ions and di f fus ion  b a r r i e r s  f o r  high-teaapra 
a tu re  device appl icat ions.  m e a e  meta l l i za t ions  cons i s t  
of s p l t t e r - d e p s i t e d  f i l m  of high-Tg amorphms-metal 
a l loys which (primarily because of t h e  absence of g ra in  
b u n d \ r i t s )  exhibi t  exceptionally good corrosion-res is- 
tance and lov d i f fus ion  coeff icients .  Amrphous films 
of the  al loys Ni-Nb, N i - M o ,  W-Si ,  and Mo-Si have Seen 
deposited on S i ,  G8As. Gap, and various insulat ing sub- 
s t r a t e s .  The films adliere extreaiely well *a the  
sbra tes  and remain amorphous during thermal cycling t o  
a t  l e a s t  50O8C. Ftutherford Backscattering (m! and 
Auger Electrot. Spectroscopy (AES) measurements ind ica te  
atomic d i f f u s s i v i t i e s  i n  the  10-19 > C ~ / S  range a t  450°C. 

One of the  mst d i f f i c u l t  probltms associated with 
t h e  design of semiconductor devices i n t e ~ d e d  f o r  high- 
temperature operation is t h a t  of  f ~ n d i n g  a s u i t a b l e  
metal l izat ion systemfor ~ r o v i d i n g  contacts  t o  t h e s a i -  
conductor. Typical d i f f i c u l t i e s  which l i m i t  the  l i f e -  
time of  semi~onducror devices a t  high temperature in- 
c1.'3e: (1) a l t e r e c  e l e c t r i c a l  behavior caused by in te r -  
d i f  fk-ion of metal and se~iconduc tor :  (2 )  dimensional 
changes o r  anbrittlement caused by compound formation, 
o r  grain-growth; and (3) catastrophic metal l izat ion 
f a i l u r e  due t-0 electromigration. These must be consia- 
ered a s  i n t r i n s i c  f a i l u r e  modes i n  thc  sense that,while 
they may vary i n  absolute  and r e l a t i v e  importance frgm 
one system to another, they must always be present to 
some extent.  Furth-.nnore, a l l  o f  these f a i l u r e  modes 
involve d i f fus ive  t ransport  within and/or among the  
metal and semiconductor layers ,  and increase roughly 
e x p n e n ~ i a l l y  with increasing temperature. The design 
of high-temperaturemetallizations, therefore,  necessar- 
i l y  involves a search f o r  means t o  impede atomic difEu- 
s ion  within the  metal-semiconductor system. The most 
common approach t c  the  problem of  l imit ing diffusion 
between d i ss imi la r  mater ials  involves t h e  use of inter-  
vening metal l izat ion layers  3 i c h  a r e  intended t o  a c t  
a s  diffusion b a r r i e r s .  A well-known example is provided 
by t h e  Ti-Pt-Au metal l izat ion which is used i n  the  
"Beam-Lead" technology 11.21 . This metal l izat ion (on 
S i )  has survived b r i e f  s t r e s s - t e s t s  a t  over 400°C, but  
degrades rap?;lv a t  a l l  temperatures above 350°C [21. 
Similar r e s u l t s  a r e  obtained with many other  diffusion 
b a r r i e r s  131. The reason f o r  t h e  f a i l u r e  of convention- 
a l  passive d i f fus ion  b a r r i e r s  is simple, but  has only 
recent ly become well-recognized: Dif fusj  ve t ransport  
i n  polycrystal l ine thin-films is dominated by diffusion 
along gra in  boundaries and dis locat ions a t  a11 r e a l i s t -  
i c  operating temperatures [4] .  The b a r r i e r  layer  can- 
not be  f u l l y  e f fec t ive  i f  it is, itself, a th in ,  p l y -  
Crystallilie film. Nicolet has recent ly niven a compre- 
hensive review of thin-f f l m  diffusion b h ~ r i e r s  131, i n  
which the  impr tance  o f  grain-boundary d i f fus ion  is 
highlighted. I n  add i t ion  t o  reviewing the  shortcomings 
of  t r a d i t  lonal d i f fus ion  b a r r i e r s ,  Nicolet discusses 
more sophist icated conceptsincluding "stuffed bnr r ie r s"  
( i n  which the  gra in  boundary paths a r e  blocked by s u i t -  
ab le  impuri t ies)and "thermodynamically s t a b l e u b a r r i e r s  
(which u t i l i z e  stoichiometric compound b a r r i e r s  such a s  
t r a n s i t i o n  a?tal  n i t r i d e s  o r  b r i d e s ) .  I n  the present 
paper, we present an a l t e r n a t i v e  approach to t h e  design 
of  high-temperature metal l izat ions.  We propose t h e  use 
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of  sput tered arorphous metal films, e i t h e r  aa prmary 
m e b l l i z a t i o n s ,  o r  a s  t h i n  diffusion-barr ier  l ayers  be- 
tween conventional polycrystal l ine filras. 

Amrphous metal l izat ions a r e  eas i ly  produced by 
spu t te r ing  fromvarious transition-metal and t rans i t ion-  
metal/metalloid al loys.  As noted above, most of  t h e  in- 
herent r e l i a b i l i t y  problems of conventional metalliza- 
t i o n s  a r e  associated with p l y c r y s t a l l i n i t y  and atomic 
motion. I n  amorphous metals, the re  a r e  no gra in  bound- 
a r i e s  o r  dis locat ions,  and d i f f u s i v e  t ransport  is thus 
determined by bulk d i f fus ion  m e f f  i c i e n t s  [5,61. A s  a 
consequence, d i f f u s i v e  t r a w p r t  i n  amorphous metal 
f i lms can be orders  of magnitude slower than i n  poly- 
c r y s t a l l i n e  films of comparable mmposition. I t  is 
primarily fo r  t h i s  rcason t h a t  we bel ieve amorphous 
metal films c o r s t i t u t e  an in te res t ing  new c l a s s  of ma- 
t e r i a l s  f o r  sem'conductor metal l izat ion appl icat ions.  

F a t e r i a l s  Select ion 

If  arnorpkous f i l n s  a r e  to be useful  i n  the  pro- 
. posed appl icat ions,  it is necessary t h a t  they remain 
awrphous a t  the  desired operating temperatures. T y p  
i c a l l y ,  the  time constant f o r  c r y s t a l l i z a t i o n  is of  the  
order of 5 1 hour a t  t h e  g lass  t r a w i t i o n  tenperature, 
T , and extrapolates  t o  several  years a t  T 5 0.85 Tg 
[9,61. He have therefore focused on a l loys  havinq known 
o r  predicted Tg values of 2 500°C. Donald and Davies 
[71 have discussed various fac tors  which promote qlass- 
forming a b i l i t y  and high T values, and have published 
several  usefill t ab les  of  &own glass-forming composi- 
t ions.  After consideration of  the fac tors  discussed by 
these authors, we selected t h e  Ni-Nb, N i - M o ,  Mo-Si, and 
W-Si systens f o r  invest igat ion.  A f u l l  discussion o f  
our se lec t ion  c r i t e r i a  has been qiven elsewhere [a] .  

The s u b s ~ r a t e  requirements fo r  successful vapor 
deposition of amorphous metals a r e  eas i ly  s a t i s f i e d  by 
a h s t  any c r y s t a l l i n e  o r  amorphous so l id .  The main 
requirement is t h a t  the  s u b s t l a t e  surface remaia a t  a 
temperature well  below Tg during deposition. This, i n  
turn,  requires  t h a t  the  s u b s t r a t e  have a thermal con- 
duct ivi ty  adequate f o r  rap id  t r a n s f e r  of the heat-of- 
condensation to a heat  s ink.  The f a c t  t h a t  amorphous 
metals have been depositcd successful ly on such notably 
poor thermal conductors a s  pyrex (0 - 0.01 watts/cm°K) 
le3ves l i t t l e  doubt t h a t  a l l  common semiconductors (0  2 
0.1 watts/cmeK) w i l l  provide adequate heat-sinking and 
be useable a s  substrates .  Most of  the  work reported 
here was done using s ingle-crystal  S i  subs t ra tes ,  a l -  
though f u l l y  amorphous f i lms have a l s o  been obtained on 
GaAs, Gap, Ak203, g lass ,  mica, Cur and A& substrates .  

Film Preparation 

Amorphous me'al films were deposited by RF sput- 
t e r ing  using a Varian 980 diffusion-pumped spu t te r ing  
system. This system uses a s p l i t  c i r c u l a r  cathode, 9" 
i n  diameter, with a 3 1/2" cathode-to-substrate spac- 
iny. In  order  to s p l t t e r  a l loys  of uniform canposition, 
1/4" th ick  base cathodes of  e i t h e r  N i  o r  S i  were par- 
t i a l l y  covered by 10 m i l  f o i l  masks of Nb, Ho, o r  W, 
having uniform d i s t r i b u t i o n s  o f  holes to expose an ap- 
p ropr ia te  f r a c t i o n  of t h e  base cathode. I n  i n i t i a l  
work, t h e  exposed areas  of  base-cathode and f o i l  were 
approximately equal. For each of the  four  alloy-sys- 
tema studied,  t h e  a rea  r a t i o s  were subsequently ad- 



)tasted to achieve the desired film canposition using 
f-ck from amealinq s tudies  and el,?ctron-berm m i -  
croprube measurements. 

Sputtering was done using L2 x mrr ~ c .  pres- 
run, at a t o t s 1  RF power of <lkW. Under these candi- 
tions the deposition r a t e  was . typical ly  * 300°Wmin. 
I n  order  to providc: a deposi t  shich w a s  s u f f i c i e n t l y  
thick f o r  X-Ray d i f f r a c t i o n  and electrcln microprobe 
measurements, a standard sput ter ing time of  30.0 min. 
was used. Thus, most of cur films were approximately 
1 Wa thick. Compositional uniformity wa:? found t o  be 
typ ica l ly  f0.5 A t *  over a ii4" X 3/4" samp1.e area.  

I)Duti~.e Characterization 

The as-dewsited films were rout inely character- 
ized a s  to adhesion, film-thickness ( s ty lus  measure- 
ments), -position (electron beam microprone measure- 
a n t s ) ,  s t r u c t u r s l  order (X-Ray d i f f r a c t i o n  measure- 
ments)andelectr ical  r e s i s t i v i t y  (4-point probemeasure- 
men*&) . F9r semiconductor metal! ;ration appl icat ions,  
the adhesion and r e s i s t i v i t y  r e s u l t s  a r e  of par t i cu la r  
i r ~ t e r e s t :  We f ind t h a t  t h e  films adhere e x t r m e l y  w e l l  
*-o the semicondbctor substrates  and a r e  very r e s i s t a n t  
to scratching. No f lak i rq  o r  wrinkling was observed 
on ar.y of these films i n  the as-deposited s t a t e ,  nor 
a f t e r  thermal cyclinq between -200 and +500°C. S M  ex- 
amination shows the surfaces to be smooth and feature- 
less. T y ~ i c a l  roam-temperature r e s i s t i v i t y  values ob- 
tained for  th, as-deposited films a r e  a s  follows: 

~ l l o y  Composition s (~ f2cm)  R~(CU'Q 

Ni-Nb 55-60 A t t N i  200-230 2.0-2.3 
N i - M o  55 A t %  N i  110-13C 1.1-1.3 
No-Si 60 At0 Ho 160-200 1.6-2.0 
W-Si 90 At0 W 140-150 1.4-1.5 - 
The sheet resis tance values given i n  Col. 4 a r e  scaler2 
t o  a f i lm thickness of 1 u .  A s  expec4.ed, the r e s i s t i v i -  
t i e s  of t h e  amorphous f i l m  a r e  somewhat higher than 
the  r r s i s t i v i t i e s o f  corresponding p ~ l y s r y s t a l l i n e  films 
( typ ica l ly  a fac tor  of '5 higher) ,  but shee t  resis tances 
of the order  of 1 ::/O a r e  per fec t l f  acceptable for  many 
device applications. For those a p p l i c a t i ~ r r s  i n  which 
these r e s i s t i v i t i e s  a r e  excessive, i t  may be possible 
to overcoat the  amorphous metal with a layer  of Au o r  
Cu t o  nrovide a lower-resistance metal l izat ion.  

Annealing and Crys ta l l i za t ion  

A s  the crysta1liza:ion of amorphous metals i s  ::on- 
t r o l l e d  by k ine t ic  f a c t x s ,  any experimental va;ut! of 
the  c r y s t a l l i z a t i o n  temueratuue. T,, depends on t h s  
time-scale of t h e  expexinent. Fortunately, the e:.arac- 
teristic time f o r  c r y s t a l l i z a t i o n  Cs an extrmsnzly s t rong 
funct ion of temperature, so t h a t  reasonable e s t ~ i l a t e s  
of the maximum "operntlr< tanperatures" of amorphous 
n o t a l l l z a t i o n s  can be obtained using re la t ive iy  b r i e f  
annet ls .  The r e s u l t s  reported here were obtained by 
annealing t h e  samples f o r  one hour i n  evacuated quartz  
ampoules which a l s o  contained d small s lug of Ti f o r  
ge t te r ing .  

In order  t o  determine the one-tlour c r y s t a l l i z e t i o n  
temperature of a givon a i l c y  conposition, the following 
sequence was followed: The f i r s t  anneal was performed 
a t  dOOeC, a f t e r  which tha sample was r a v e d  from its 
ampoule for examinatzon by X-Ray Diffract ion (XRD). I f  
there was evidence of c r y - t a l l i n i t y ,  t h e  sputter-mask 

vas then a n n e a l d - a t  t h e  penultimate temperature, meas- 
ured f o r  c r y s t a l l i n i t y ,  and reannealed a t  successively 
higher temperatures using 50°C increnents. F i w l i y ,  a 
t h i r d  sample was Used to f ind  Tc to within 25.C. 

Figure 1 shows a sequence of typ ica l  XRD scans for  
i n i t i a l l y  amorphous Ni-Pb films ( 3 5 ,  N i ) .  It is some- 
what d i f f i c u l t  t o  judge whether o r  rot small Zeatures' 
on the akmrphous peak correspond to the e r i , r  s tages  of 
c ~ j r t a l ' i z a t i o n .  Massive c r ] s ta l l i za t ion ,  however, is 
umistakably evidenced by m e  appearance of numemus 
sharp diffrartrizrr peaks. These comments a r e  i l l u s t r a t -  
ed f i r  f i g .  1 by the 600°C and 650°C traces:  After  an- 
nealing a t  600°C, m a i l  bumps a r e  seen a t  28 = 39- and 
4S0. These fea tures  aro reproducible, am3 apparently 
indicate  a small nlume-fract ion o f  c r y o t a l 1 i t . e ~  i n  an 
amorphous matrix. After the 650°C anneal, the  39* p,eak 
is q u i t e  strong. but the 45' peak is e i t h e r  rnissit~g or 

~eposi ted 

t 

Fiqure 1. X-Ray Diffrsctometer scans of an i n i t i a l l y  
amorphus film of ::i-Mo a f t e r  l h  anneals a t  
successively higher temperatures. 

s ~ l i t  in to  several  peaks. I t  appears l i k e l y  t h a t  the 
path of c r y s t a l l i z a t i o n  i n  the N i - M o  system is complex, 
involvjng intermediate ?'lases. Similar e f f e c t s  a r e  
seen i n  the  other  a l loys  a s  well. TFS invest igat ions 
a r c  planned f o r  exploration of the  c r y s t a l l i z a t i o n  
mechanisms. 

The r e ~ . u l t s  of the  annealing s tud ies  t o  d a t e  a r e  
a s  follows: 

Alloy Composition TO(OC) i, : "Cl 

1) N i - N b  55 A t %  N i  500 550 
2) Ni-Nb 57 At$ N i  575 600 
3)  N i - M o  55 A t %  N i  525 550 
4 )  Ni-Xo 665 At0 N i  550 600 
5) Mo-Si 60 A t %  Mo 550 GOO 
6)  W-Si 90 A t %  W ( P a r t i a l l v  c r y s t a l l i n e  

a s  deprsi ted)  

uas a l te red  to achieve a r l i f ferent  a l loy  composition. The temperature To is the highest 1-hour annealing 
(Crystilllrzation temperatures below 400°C a r e  of no in- temperature a t  which n, evidence of c r y s t a l l i n i t y  has 
t e r e s t  a t  t h e  present time). I f  there was no evidence been observed. TI is the  lowest 1-hour annealing tem- 
of crystallization, the  sane sample Was resealed i n  an perature a t  wti-ch some evidence of c r y s t a l l i n i t y  has 
ampule ard annealed a t  500'C f o r  1 hour. This proce- been observed. The W-Si a l loys  deposited t o  da te  nave 
dure w a s  r e p : - - 4  2t 1OOS increments u n t i l  c r ~ s t a l l i z a -  contained a small volume-fraction of microcrystal l ine 

1 

t i o n  wa- 3r?.?c.?ted. A new sanple from t h e  Same batch phase i n  a predominantly amorphous matrix. F'urther re- 
36 1 .  



f i n a a n t  of the composition is required. Nevertheless 
a s  w i l l  be shown i n  the next sect ion,  t h e  largely ama- 
orphous OO-si films still function a s  e f fec t ive  disfu- 
s ion  b=riers .  

Diffusion 

The diffusion of  Au i n  amorpho~ls metal films is of 
g rea t  p rac t ica l  i n t e r e s t  because Au is widely used i n  
multilayer metal l izat ions 3rd bonding wires for  s m i -  
conductor devices. Au is a l s o  a prime candidate f o r  use 
a s  an overlayer t o  r e d - ~ c e  metal l izat ion resis tances.  

Air rds ion-inplanted into an amorphous Ni-Nb f i lm 
which was subsequently annealed and measured by Rather- 
ford Backscatterinq (RBS) to monitor any Au d i f fus ion  
[91. The amorphous film vas deposited on a single- 
c rys ta l  S i  subs t ra te  to  a thickness of  1b. and was com- 
posed of 56.5 At3 N i ,  43.5 A t %  Nb. The implanted Au 
p r o f i l e  was Gausdia1r, with a peak c ~ n c c n t r a t i c n  ef 3.3 
x 1020 cm-3 occtrrrinq YOG below +e surface, and a 
" f u l l  width a t  5alf  maxin'm" of  300A. Since a Gaussian 
~ r c f i l e  remains Gaussian during diffusion,  it is 
straightforward to dedusc diffusion coef f ic ien t s  f r o m  
t h e  half-widt!~s of f i t t e d  Gaussian curves. Figure 2 
shows a comparison of th., Au prof i l es  a f t e r  0.5 hours 

Figure 2. Comparison c f  the ion-implarrtcd Au prof i l o s  
a f t e r  al.nea;s of 30 minutes ark4 35 hours a t  
450DC, i1 , lustrat ing the  extremely low r a t e  
of diffusion of ;,u i n  amorphous Ni,-Nb e t  t h i s  
temperature. The prof i l e  change can o d y b e  
discerned by f i t t i n g  Gaussian curves t o  t h e  
data. 

arid 35 hours ~f annealing a t  45O0E. Analysis of +-9ese 
and s imilar  p rof i l es  obtained for  longer ar..,ealing times 
gives a d i f f u s s i v i t y  of  D * 8 l ~ ' ~ ~ m ~  /set: fo r  Au i n  
t h i s  a l loy  a t  450°C. Note that: (1) D 5 10-.18 cmi/s im- 
p l i e s  t h a t  an Au ztom would require  roughly 300 years 
to  d i f fuse  a dis tanza of 2p; and ( 2 )  the  annealing tem- 
m r a t u r e  of 450°C is very near the estimated glass- 
t r a n s i t i o n  temperature f o r  t h i s  film: The one-hour 
c r y s t a l l i z a t i o n  tempcrcture f o r  films of t h i s  composi- 
t i o n  is i n  the  neighborhood of  Tc 550°C, and T must 
be T,. Thus, our anneal temperature of 4 5 8 ' ~  is 
2.88 Tg. Rutherford Backscattering s tud ies  of in te r -  

d i f fus ion  between amorphous metal films and overlayers  
of Cu o r  Au, and between amorphous metal f i l m  and 
smiconducting subs t ra tes  a r e  current ly undernay, and 
no quant i t a t ive  r e s u l t s  can be  reported a t  t h i s  the. 

I n  add i t ion  to the RBS measurements, we have used 
Augar Electron Spfatroscopy (AES) , together with Ar-ion 
spltterinq t o  st\:& interdiffusion.  Fiqure 3 shovs a 
s e r i e s  of AFS p m f i l e s  f o r  an amorphous Ni-Nb f i lm on 
which a 750A Cu layer  was deposited. Aft- 10 houre 
of annealing a t  500°C, there  was a s l i g h t  broadening of 
the  Cu/Ni-Nb interface,  but no large-scale  interdiffu-  
sion. After one hour a t  600°C. however, the Cu,Ni, and 
Nb have thoroughly interdiffuzed,  and t h c  " interface" 
has mved very deeply ( r  2000A) i n t o  t h e  Ni-Nb film. 
O t h e r  Ni-Nb films of the  same composition were found to 
c r y s t a l l i z e  i n  one hour a t  57S°C. I t  is therefore c l e a r  
t h a t  c r y s t a l l i z a t i o n  is r e s p n s i b l e  f o r  the  sudden, 
massive motion of Cu in to  the Ni-Nb (probably along 
grain boundaries). Similar r e s u l t s  have been obtained 
with Au overlayers and w i t h  other  amorphous al loys.  I t  
is in te res t ing  t o  m t e  t h a t  we found essen t ia l ly  n, in- 
t e r J i f f u s i o n  between Au and amorphous W-Si desp i te  t h e  
f a c t  t h a t  the  W-Si contained a de tec tab le  ( t a t  small) 
volumefract ion of microcrystal l ine phase. Thos, we 
believe t h a t  p a r t i a l l y  c r y a c a j i i ~ ~ r  films can still func- 
t i c n  as  e f fec t ive  diffusion b a r r i e r s  a s  long a s  th.2 
c r y s t a l l i  t e s  a r e  well-separated by an amorpilous matri'c. 
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Figure 3. AES depth-profiles of  Cu, N i ,  and Nb. The 
top t race  shows the as-deposited s t ruc ture :  
A Cu l ayer  on amorphous Ni-Nb. Tlre middle 
t r a c e  shows t h a t  there  was very l i t t l e  in- 
t e rd i f fus ion  a f t e r  10 hours of  annealing a t  
500°C. The bottom t r a c e  shows considerable 
in te rd i f fus ion  a f t e r  only 1 ho-lr a t  600°C. 
The rapid in te rd i f fus ion  a t  60Q°C is a con- 
sequence of  c r y s t a l l i z a t i o n .  

CONCLUSIONS 

Amorphcus metal films of  appropriate  compositions 
can be deposited on semiconducting and insu la t ing  sub- 
strates, and remain amorphous a f t e r  one-hour anneals a t  
temperatures i n  excess o f  500°C. It  is very important 
to note t h a t  t h e  annealing tamperaturas used i n  this 



study r u e  ~ p e c i f i c a l l y  chosen to f ind the  temperature 
rurgea i n  which the  a l loys  under invest igat ion would 
~ r t a l l i z e  on a time-scale of one h w  (T 0.9Tg) . A t  
s l ight ly  lower temperatures, c r y s t a l l i z a t i o n  w i l l  no; 
be observable on any reasonab?.e laboratory time-scale. 
Our r-ulte a l s o  show t h a t ,  as long a s  the  f i lms rcmain 
.wrrplous,they exhib i t  exceptionally lowdi f fus iv i t i es .  
Indeed, t h e  W-Si results show t h a t  films contairiing a 
s m a l l  volume-fraction of microcrystal l ini ty  can still  
function as e f fec t ive  diffusion b a r r i e r s .  This obser- 
vation is  ?ensis tent  with our bas ic  working hypothesis 
t h a t  t h e  -.ivantages of amorphous metal l izat ions stem 
from t h e  absence of grain boundaries: A s  long a s  the  
volume-fraction of  microcrystal l ini ty  is small, the  
c r y s h l l i t e s  wil.! be separated by an amorphous matrix, 
preventing an interconnected network of grain boundar- 
i es .  A t  sme c r i t i c a l  volume-fraction (w!.;ch can be 
es t h a t e d  from percolation-tha3ry to  be abou' 0 - 3  [ lo ]  ) , 
the  c r y s t a l l i t e s  w i l l  merge, end an essen t ia l ly  p l y -  
~ r y s t a l l i n e  film w i l l  r e s u l t .  B-sed on the  work r e p r t -  
ed here, we conclude t h a t  film:; of  high-Tg md>rphous 
metal a l loys  a r e  indeed v iab le  candidates f o r  use a s  
high-tenperature metal l izat ions f o r  semiconduc:tor de- 
vices. We an t ic ipa te  t h a t  this; new c l a s s  of :semicon- 
ductor metal l izat ions w i l l  f in? important appl icat ions 
as primary metal l izat ions,  in te r layer  diffusion bar- 
riers, and corrosion-resis tant  overlayers. 

The Rutherford Backscattering meas ~rements were 
performed by P. S. Peercy of  Sandia L&or at-ories, and 
have been reported i n  more d e t a i l  elsewher? 191 . Sam- 
p le  preparation was do?? using the  f a c i l - t i e s  of the 
U.W. Integrated C i r u i t s  Laboratory, under the  direc- 
t i o n  of Professor H. Guckel. Annealing and XIU) measure- 
ments were performed by R. Thomas. 

This work issupported by the W E  DivjsionofPhoto- 
vo l ta ic  Et:ergy Systems and Division of ra thezmal  En- 
ergy, through Sandia National Laboratories, and by the  
U.W. Graduarc Sch.001. 
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